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(57) Abstract 

Optical signal devices, wavelength division multi- 
plexer/demultiplexer optical devices, and methods ; of . em- 
ploying the same in which the cote layer (4) includes a 
grating and is comprised of a material whose 
dex is tuned (e.g. by a heater (8)) so that the grating reflects 
a preselected wavelength of light. A single opucal signal 
device can therefore be used to select a variety of wave- 
lengths for segregation. 
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TUNABLE OPTICAL ADD/DROP MULTIPLEXER 



FifilH of the Invention 

■n 



The present invention is generally directed to improved integrated wavelength 
division multiplexer/demultiplexer optical devices in which light of a specific wavelength 
(or specific wavelengths) can be added or dropped in an efficient manner. The device can 
be fabricated from optical polymers having a large index of refraction variation with 
temperature. A single filter element may be used over a wide wavelength range thereby 
providing for dynamic selection of wavelengths. 

RflH ^rnund o f the Invention 

Devices for adding/dropping wavelength coded signals (light of a specific 
wavelength or wavelengths) are known in the art as disclosed in D.C. Johnson, K.O. Hill, 
F. Bilodeau, and S. Faucher, "New Design Concept For A Narrowband Wavelength- 
Selective Optical Tap And Combiner," Bs^M. Vol. 23, pp. 668-669 (1987) and C.R. 
Giles and V. Mizrahi, "Low-Loss Add/Drop Multiplexers For WDM Lightwave Networks," 
Prnn . looc , pp. 66-67 (1995), incorporated herein by reference. Such devices employ 
optical fibers which are utilized predominantly in telecommunication systems in addition 
to local area networks, computer networks and the like. The optical fibers are capable of 
carrying large amounts of information and it is the purpose of devices of the present 
invention to extract/inject a selected amount of information from/onto the fiber by 
segregating the information carried on different wavelength channels. 
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Devices of this type are comprised of a variety of components which together 
provide the desired segregation of wavelength coded signals. Integrated optical couplers 
and especially directional couplers have been developed to accomplish evanescent 
directional coupling as disclosed in E.A.J. Marcatili, "Dielectric Rectangular Waveguide 
And Directional Couplers For Integrated Optics," Rell Syst. Tech. J. .. p. 2071 (1969), 
incorporated herein by reference. Optical signals are coupled from one planar waveguide 
to another. The signals in the second planar waveguide propagate in the same direction 
in which the signals travel in the first planar waveguide. 

MMI (multimode interference) couplers have been developed to accomplish 
coupling as disclosed in LB. Soldano and E.C.M. Pennings, "Optical Multi-Mode 
Interference Devices Based On Self-Imaging: Principles And Applications 71 Lightwave 
Techno). . Vol. 13, pp. 615-627 (1995), incorporated herein by reference. MMI couplers 
achieve self-imaging whereby a field profile input into a multimode waveguide is 
reproduced in single or multiple images at periodic intervals along the propagation 
direction of the guide. 

Optical circulators are optical coupling devices that have at least three ports. 
Three-port circulators couple light entering port 1 to port 2, light entering port 2 to port 3, 
and light entering port 3 to port 1 . 

Diffraction gratings (e.g. Bragg gratings) are used to isolate a narrow band of 
wavelengths as disclosed in K.O. Hill and G. Meltz, "Fiber Bragg Grating Technology 
Fundamentals And Overview,". I lightwave TechpoL Vol- 15, pp. 1263-1276 (1997) and 
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T. Erdogan. "Fiber Granting Spectra," .1 I iqhtwave Technol., Vol. 15, pp. 1277-1294 
(1997), incorporated herein by reference. Such grating reflectors have made it possible 
to construct a device for use in adding or dropping a light signal at a predetermined center 
wavelength to or from a fiber optic transmission system without disturbing other signals 
at other wavelengths as disclosed in L Eldada, S. Yin, C. Poga, C. Glass, R. Blomquist, 
and R.A. Norwood. "Integrated Multi-Channel OADM's Using Polymer Bragg Grating 
MZIV PJ lPioniCS T »r- h ™'- Lett - Vo! - 10 - PP" 1416 " 1418 ( 1998 )' incor P° rated herein by 
reference. 

It would be desirable to be able to drop a wavelength with more precision than 
current devices within a dynamic range of wavelengths for a single optical signal device 
rather than employing multiple optical signal devices for the same purpose. 

finpimarvofthe Invention 

The present invention is generally to optical signal devices having fine tuning 
means which provide for the more efficient control of the wavelength of light which is to 
be segregated from a multiple wavelength light signal. 

The optical signal device of the present invention has a unique array of materials 
and also includes altering the temperature of the optical signal device which provides for 
the precise selection of a targeted wavelength for dropping or adding an optical signal and 
which provides for the rapid change of wavelengths from one targeted wavelength to 
another. 
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In particular the optical signal device of the present invention comprises: 

a) a substrate; 

b) a pair of spaced apart cladding layers comprised of materials having at least 

similar refractive index values; 

c) a core layer including a waveguide or a pair of opposed waveguides 
positoned between the pair of cladding layers having a refractive index value greater than 
ft. refractive index value of the cladding layers such that the difference between 

refractive index values of the core layer and cladding layers enables a multiple wavelength 

light signarto pass through the device in a single mode; 

d) a grating forming a filter means for causing a single wavelength of light of 

said multiple wavelength light signal to be segregated therefrom; and 

e) meansforvavngtherefractiveindexofatleastthecorelayertocontrolthe 

wavelength of the light which is to be segregated from the multiple wavelength light signal. 

,„ a preferred construction of the optical signal device at least the core layer is 
made of a thermosensiuve material and the means for varying the refractive index is by 
beating the thermosensiuve materia,. The thermo-optlc effect, being the preferred 
refractive index tuning effect, is used as the illustrative effect throughout most of this 
disclosure. But generally, any refractive index tuning effect (e.g.. electro-optic effect, 
septic effect) and any combination thereof can be used in the present invention to 
vary the refractive index. 

|„ a prefened construction of the optical sfcnal device there are ti*> dadding layer, 
posted between the refract index va^ng -mans and the core with each of the two 



WO 99/42893 PCT/US99/03854 

5 

cladding layers having a different refractive index. Methods of fabricating the optical 
signal devices of the present invention are also disclosed. 

Brief Descr iption qJ the Drawings 

The following drawings in which like reference characters indicate like parts are 
illustrative of embodiments of the invention and are not intended to limit the invention. 

Figure 1 is a schematic elevational view of one embodiment of a filter element of 
an optical signal device of the present invention; 

Figure 2 is a schematic elevational view of another embodiment of a filter element 
of an optical signal device of the present invention employing two cladding layers of 
different refractive indices between a heater and a core layer; 

Figure 3 is a graph showing the change in the wavelength of light reflected by a 
filter element employed in the present invention as a function of temperature; 

Figures 4A^C are schematic views of three embodiments of a single filter element 
in accordance with the present invention; 

Figures 5A-B are schematic views of two embodiments of two-stage add/drop filters 
using two heaters with or without a switch in accordance with the present invention; 
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Figures 6A-6D are schematic views of four-stage add/drop filters of the present 
invention with one or more heaters and a variety of switch configurations; 

Figure 7 is a schematic view of a four stage add/drop filter in accordance with the 
present invention where the unused channels are returned to the bus; 

Figure 8 is a schematic view of a four stage add/drop filter of the present invention 
where the unused channels are combined directly with the pass-through line using a 1x5 
combiner; 

Figure 9 is a schematic view of a four stage add/drop filter in accordance with the 
present invention employing out tuning of one edge of the filter to reduce ffie number of 
switches and the complexity of the combiner; 

Figure 10 is a schematic view of a four stage add/drop filter in accordance with the 
present invention employing out tuning of both edges of the filter to reduce the number 
of switches and the complexity of the combiner; 

Figure 1 1 is a schematic view of another embodiment of a four stage add/drop filter 
of the present invention employing out-tuning of the edges and a minimal number of 
switches; and 

Figure 1 2 is a schematic view of a four stage add/drop filter of the present invention 
where the unused channels are combined with the pass-through line using add filters. 
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Detailed Description of t he Invention 
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The present invention is directed to an optical signal device in which a means for 
varying the refractive index, preferably through the use of a heater and thermosensitive 
polymers, is employed in the filter element (e.g. Bragg grating) to produce a drop or add 
signal filter that is fine tunable for dropping or adding a preselected wavelength of light 
over a wide range of wavelengths. 

In a preferred form of the invention, Mach-Zehnder interferometer type devices, 
1 00% directional couplers, or multimode interference (MMI) couplers are employed having 
two coupling regions. Between the coupling regions comprising 3-dB directional couplers 
or 3-dB multimode interference couplers is a grating region comprised of a grating system 
(e.g. Bragg gratings). The waveguides in the grating region of Mach Zehnder type 
devices are typically spaced apart from each other so that evanescent coupling does not 
occur in this region. 

In another preferred form of the invention, a single waveguide between two optical 
circulators is employed. In the waveguide is a grating region comprised of a grating 
system. 

In accordance with a preferred form of the present invention, the optical signal 
device has a unique constructed grating region made of materials which are 
thermosensitive i.e which have relatively large thermo-optic coefficients (defined as the 
change in refractive index with temperature) of, for example, at least 10T C in absolute 
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value (e.g. thermosensitive polymers). Examples of thermosensitive polymers include 
cross-linked acrylates, polyimides and polymethylmethacrylates, as for example 
ethoxylated bisphenol diacrylate, tripropylene glycol diacrylate and 1,6-hexanediol 
diacrylate. 

When heating is the means for varying the refractive index in at least the core layer, 
the grating region is provided with a heater (such as an electrode of specified resistance) 
or other means of inducing a change of temperature of the polymer. Referring to Figure 
1 there is shown a first construction of the grating region of the optical device of the 
present invention. The filter element 2 includes a core region 4 having on each side 
thereof respective cladding layers 6A and 6B. The grating is present in the core region 
4 and preferably additionally in the cladding layers 6A and 6B. Above the cladding layer 
6A is a heater 8 which, as previously indicated, may be an electrode of specified 
resistance. Beneath the undercladding layer 6B there is provided a substrate 10. The 
core layer is made of a thermosensitive polymer as described above. The overcladding 
layer 6A and undercladding layer 6B are also preferably made of similar materials 
although the refractive index of the respective layers will differ as discussed hereinafter. 

In accordance with the present invention, a heater is provided in proximity.to the 
filter element to heat the. thermosensitive polymers. As shown in Figure 3, as the 
temperature of the filter element is increased, the wavelength of the reflected light will 
change, typically in a linear slope. As shown specifically in the example of Figure 3, the 
wavelength of the reflected light will decrease 0.256 nm per degree centigrade within the 
range of 20 to 100'C. The wavelength of the reflected light will vary linearly by about 20 
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nm within this temperature range. The present invention therefore changes the 
wavelength of the reflected light of a filter element of an optical signal device by raising 
or lowering the temperature of the material used to construct the filter element. 

In the embodiment shown in Figure 1, the refractive index (n) of the core 4 will 
exceed the refractive index of both the overcladding layer 6A and the undercladding layer 
6B. It is preferred that the refractive index of the overcladding layer 6A and the 
undercladding layer 6B be the same although they may differ so long as both are less 
than the refractive index of the core layer. 

In a preferred form of the invention, the undercladding layer 6B has a thickness of 
from about 10 to 20 urn while the overcladding layer 6A has a thickness of from about 5 
to 1 0 urn. The thickness of the core layer is preferably from about 3 to 9 urn. 

A preferred filter element for use in the present invention is shown in Figure 2. This 
filter element provides an additional overcladding layer 6C between the heater 8 and the 
other overcladding layer 6A. The additional overcladding layer 6C has a refractive index 
lower than that of the overcladding layer 6A and is added because the metal elements 
comprising the heater 8 have a tendency to absorb light. The additional cladding layer 
6C serves to push light away from the heater and therefore provides less loss of the 
optical signal, while allowing the overall overcladding thickness (6A and 6C) to be small 
enough for the core 4 to be heated efficiently by the heater 8. 
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In the embodiment shown in Figure 2, the thickness of the respective layers is the 
same as described above in connection with the embodiment of Figure 1 . It will be noted 
that the combined thickness of the overcladding layers 6A and 6C is preferably within the 
range of from about 5 to 10 urn. 

5 The present invention can be applied to a cascade of optical signal devices (e.g. 

Mach-Zehnder based or directional-coupler based or waveguide-with-isolators based 
single channel elements of N stages) to produce a drop filter that is tunable over a wide 
range (e.g. 24 to 100 nm). A heating means is applied to the filter element and when the 
heating means is activated, the application of heat to the polymeric material causes a 

10 change in the reflected wavelength of the filter element. 

Table 1 shown below illustrates the number (N) of stages needed given a fixed 
temperature range and wavelength tuning range. The value used for tunability is 0.25 nm 
per degree centigrade which represents the linear relationship between reflective 
wavelength and temperature shown and described in connection with the example of 
15 . Figure 3. 
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Specified Bandwidth 




Temperature 
Range 


Tuning 
Range 
per btage 


24 nm 


32 nm 


40 nm I 


80 nm j 


1 HO nm 


Number of 100 GHz (0.8 nm) Chann 


olc 


30 channels 


40 channels 


50 channels 


100 
channels 


125 
channels 


10 c 


9 R nm 


10 stages 


13 stages 


16 stages 


32 stages 


40 stages 


20°C 


5.0 nm 


5 stages 


7 stages 


8 stages 


16 stages 


20 stages 


30°C 


7.5 nm 


4 stages 


5 stages 


6 stages 


1 1 stages 


14 stages 


40°C 


10.0 nm 


3 stages 


4 stages 


4 stages 


8 stages 


10 stages 


50°C 


12.5 nm 


2 stages 


3 stages 


4 stages 


7 stages 


8 stages 


100°C 


25.0 nm 


I 1 stages 


2 stages 


2 stages 


4 stages 


4 stages 
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As shown in Table 1, for a given temperature range there is a limit on how much 
tuning can occur per stage. For example, for a temperature range of 10-C for the filter 
element, the range of tuning for each stage is 2.5 nm. 

The filter element will contain a fixed number of channels depending on the channel 
spacing and the bandwidth of the telecommunications system. For example, if the 
telecommunications system has a bandwidth of 24 nm then 30 channels at 0.8 nm per 
channel will be present. 



As shown in Table 1 , the number of stages that are required for tuning over a given 
temperature range for a given bandwidth oan be readily ascertained. For example, I the 
20 polymeric material and the desired tuning speed permit a temperature range of 30f C. the 
channel spacing is 0.8 nm and the bandwidth is 40 nm, six stages vrfth a tuning range of 
7.5 nm per stage will be required. If fewer stages are desired, then a higher temperature 



range is employed. Less stages 



result in less insertion loss (i.e. amount of light loss in 
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decibels, in traversing the device) but the speed at which the device is tuned to achieve 
a given wavelength will be reduced. 

If a larger number of stages are employed (i.e. a lower temperature range) for a 
given bandwidth, thermal transport is more rapid. However, the larger number of stages 
extends the length of the optical signal device and results in higher insertion loss. It is 
therefore preferred to operate with a moderate number of stages with a temperature range 
somewhere in the middle of the 10 to 100 °C range. 

The number of stages N in Table 1 also represents M in the 1xM switch that is 
required to select the output of a single stage. The IxM switch can be achieved with a 
series of 1x2 switches (generally, 1xP where P is less than M). N becomes N-1 rfthe two 
outer stages are tuned out by a slight temperature shift outside the tuning range. It is not 
desirable to tune non-edge stages since it is generally desirable to use a large tuning 
capability to reduce the number of stages. Selective tuning, however, also means an 
extra heater and extra spacing between segments with different heaters whereas the 
whole sample can be heated uniformly if out-tuning is not employed, if out-tuning is used 
when the number of stages (N) is 2, no switching is required. 

In accordance with the present invention, by changing the temperature of the 
polymeric material of thefilterelement.it is possible to control the wavelength which drops 
out in each stage of the optical signal device. Changing the temperature causes a change 
in the refractive index causing a wavelength change of the light that is dropped from or 
added to the multiwavelength light signal in accordance with the following formula 
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X = 2NA 
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wherein A is the wavelength to be dropped or added; 

N is the effective refractive index of the material upon heating; and 
A is the period of the grating. 

Thus, heating, which changes N and typically to a lesser degree A, enables a 
change to the wavelength A which is to be added or dropped. 

The filter element employed in the present invention is applicable to a wide variety 
of optical signal devices. Referring to Figures 4A-4C there are shown three optical signal 
devices employing a filter element 2 of the present invention as shown in Figures 1 or 2. 
In Figure 4A there is shown a Mach Zehnder embodiment, in Figure 4B there is shown a 
100% directional coupler embodiment, and in Figure 4C there is shown an embodiment 
employing a single waveguide between two 3-port optical circulators 18. In all three 
embodiments the filter element includes a heater 8 transversing the grating region 20 as 
described in connection with Figures 1 and 2. In operation, a source of light of multiple 
wavelengths enters the grating region 20 through the input port 22. A single wavelength 
of light is reflected according to the temperature of the grating region as determined by 
the heater 8. The desired single wavelength signal is dropped from the grating region 
through the drop port 24 while the remaining wavelengths of light pass through the grating 
region and out the "pass" port 26. The wavelength determined by the heater can also be 
added to the wavelengths exiting the pass port by injecting it through the "add" port 28. 
In the Figure 4A embodiment, the two 3-dB directional couplers 12 can be 3-dB MMI 
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(multimode interference) couplers. In the Figure 4B embodiment, the 100% directional 
coupler 14 can be replaced by a 100% MMI coupler. In the Figure 4C embodiment, the 
3-port optical circulators 18 can be replaced by 1x2 power splitters if high insertion loss 
and high return reflectivity can be tolerated. 

The particular wavelength of light which is dropped from or added to the light 
source can be precisely selected in accordance with the present invention by adjusting 
the heater in accordance with the dependence of the reflected wavelength to temperature 
shown in Figure 3. In the example shown in Figure 3, for each °C that the temperature 
of the grating region is raised, the wavelength reflected will be reduced by 0.256 nm. 

The remaining wavelengths of light which pass the filter element shown in Figures 
4A-4C may be further processed in another filter element to enable both dropped 
wavelengths to enter a single switch. This enables either of the wavelengths to be 
dropped depending on the needs of the user. Such arrangements are shown in Figures 
5A and 5B. 

Referring to Figure 5A there are employed two filter elements 2A and 2B, each 
having a heater 8A and 8B, respectively. A first selected wavelength A, will be dropped 
from the filter element 2A and enter a 1x2 switch (shown by the numeral 30). The 
remaining light signal absent A, will pass into the second filter element 2B. The 
temperature of the heater will be adjusted similar to what is shown in the example of 
Figure 3 to drop a different wavelength of light A 2 which will likewise enter the switch 30. 
In the embodiment shown in Figure 5A, both wavelengths A, and A 2 are desirably 
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employed by the user and the switch 30 enables the user to drop either A, or A 2 through 
a drop port 32 depending on need. Out-tuning is preferably used in the unused stage so 
that none of the information in the usable range is lost. 

The embodiment shown in Figure 5B is similar to the embodiment of Figure 5A but 
the switch is replaced by a combiner. In this embodiment out-tuning must be used so that 
only the desired wavelength exits the drop port 32. 

The arrangement shown in Figure 5A does exhibit some loss of light intensity in the 
switch and the anangement shown in Figure 5B exhibits typically a greater loss (about 3- 
dB) but such loss is acceptable when the need is to have more than one stage in order 
to access a wider wavelength range and/or increase the tuning speed. 

An out-tuned wavelength is a wavelength that lies outside of the range of 
wavelengths available within the temperature range of the heater as shown in the 
example of Figure 3. For example, if a grating is of the type measured in Figure 3 and the 
heater has a selected temperature range of from 40°C to 80°C the tunable wavelengths 
available range from about 1 563 nm to 1 553 nm. Say a second grating such that, for the 
same temperature range, it filters wavelengths ranging from 1 553 nm to 1 543 nm. An out- 
tuned wavelength therefore would fall outside of the total range (e.g. 1564 nm or 1542 
nm). Thus, referring to Figure 5B, if K is within the tunable range and A 2 is an out-tuned 
wavelength, the only wavelength which will be dropped by the combiner will be V 
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Four-stage arrangements for dropping selected wavelengths by employing heaters 
in accordance with the present invention are shown in Figures 6A-6D. 

Referring to Figure 6A there is shown an embodiment of the invention employing 
4 stages and a single heater using a 1x4 switch to drop the desired wavelength signal. 
In the embodiment shown in Figure 6B, instead of a 1x4 switch as shown in Figure 6A, 
a series of 1x2 switches are employed to achieve the same result. 

In the embodiment shown in Figure 6C, two heaters are employed to permit out- 
tuning of the edge stages. Three ports drop a single wavelength light signal through a 1x3 
switch and a fourth port drops a fourth channel which is combined with the output of the 
1x3 switch to form the final drop port. 

The embodiment shown in Figure 6D employs two heaters to permit out tuning of 
the edge stages and 1x2 switches. The outputs of the 1x2 switches are combined to form 
the final drop port. 

The outputs of unused non-out-tuned stages contain information from the usable 
wavelength range, said information which would be desirable to return to the bus. Such 
an embodiment is shown in Figure 7 where the unused channels are collected and 
returned. In this embodiment, there is provided a 1x2 switch at the output of each stage 
to send the signal to either the drop or the pass port. The collection of the unused 
channels in Figure 7 may use, for example, a 6-dB combiner. The reinsertion of the 
unused channels onto the bus may use, for example, a 3-dB combiner. 
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As shown in the embodiment of Figure 8, one way to reduce the loss in the 
collected channels to 7-dB would be to route all four channels and combine them with the 
pass through line using a 1x5 combiner. This increases the loss of the pass-through 
channels from 3 to 7-dB. This is still acceptable because it equalizes all the channels that 
end up passing. 

Tuning out the edge stages is possible in this type of environment resulting in 
simplification of the optical circuit. As shown in Figure 9 one less 1x2 switch is needed 
and the 1x5 combiner at the pass port becomes a 1x3 combiner reducing the loss from 
7 to 4.7-dB, although an additional heater is required. As shown in Figure 10, another 1x2 
switch can be eliminated if one more heater is added. 

In another embodiment of the invention, a modification of the embodiment shown 
in Figure 10 is provided with a 1x4 combiner instead of a 1x4 switch at the drop port as 
shown in Figure 1 1 . 

In another embodiment of the invention, a modification of the embodiment shown 
in Figure 10 is provided with add filters instead of a 1x3 combiner at the pass port as 
shown in Figure 12. The add filters have gratings with the same periods as the gratings 
of the add/drop filters to which they correspond and they share the same heaters with (or 
in general are heated to the same temperature as) these add/drop filters. The add filters 
can have very low optical loss, circumventing the factor of N loss of 1xN combiners. 
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It will be understood that all of the configurations shown at the drop ports in Figures 
5-1 1 can be implemented at the add ports. It will also be understood that all of the multi- 
stage configurations shown in Figures 5-11 employing Mach-Zehnder type devices of the 
kind shown in Figure 4A can also employ 100% directional couplers of the kind shown in 
Figure 4B or single waveguides between 3-port optical circulators of the kind shown in 
Figure 4C. 
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1 . An optical signal device comprising: 

a) a substrate; 

b) a pair of first and second spaced apart cladding layers comprised of 
materials having at least simitar refractive index values; 

c) a core layer including a waveguide or a pair of opposed waveguides 
positioned between the pair of cladding layers having a refractive index value greater than 
the refractive index value of the first and second cladding layers such that the difference 
between the refractive index values of the core layer and the cladding layers enables a 
multiple wavelength light signal to pass through the device in a single mode; 

d) a grating forming a filter means for causing a single wavelength of 
light of said multiple wavelength light signal to be segregated therefrom; and 

e) means for varying the refractive index of at least the core layer to 
thereby control the wavelength of the light which is to be segregated from the multiple 
wavelength light signal. 

2. The optical signal device of claim 1 wherein at least the core layer is made 
of a thermosensitive material, said means for varying the refractive index of at least the 
core layer comprising a heater. 

3. The optical signal device of claim 1 in the form of a Mach-Zehnder 
interferometer integrated with a tunable grating. 



or a 
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4. The optical signal device of claim 1 in the form of a 1 00% directional coupler 
100% MMI (multimode interference) coupler integrated with a tunable grating. 



5. The optical signal device of claim 1 in the form of a single waveguide 
integrated with a tunable grating between two 3-port optical circulators or two 1x2 power 

5 splitters. 

6. The optical signal device of claim 2 wherein the thermosensitive material has 
a relatively large thermo-optic coefficient of at least about 10*/'C in absolute value. 

7. The optical signal device of claim 6 wherein the thermosensitive material is 
at least one thermosensitive polymer. 
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8 The optical signal device of claim 7 wherein the thermosensitive polymer is 
selected from the group consisting of cross-linked acrylates, polyimides and 
polymethylmethacrylates. 

9. The optical signal device of claim 1 wherein the refractive index of the first 
and second cladding layers are the same. 

10. The optical signal device of claim 1 further comprising a third cladding layer 
positioned above the core layer. 
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11. The optical signal device of claim 10 wherein the third cladding layer has a 
refractive index less than the first and second cladding layers. 

12. The optical signal device of claim 1 wherein the thickness of the core layer 
is from about 3 to 9 urn. 

13. The optical signal device of claim 1 wherein the second cladding layer is 
positioned between the core layer and the substrate, the second cladding layer having a 
thickness of from about 10 to 20 urn. 

14. The optical signal device of claim 1 wherein the first cladding layer has a 
thickness of from about 5 to 10 urn. 

1 5. A wavelength division multiplexer/demultiplexer optical device comprising 
a plurality of integrated optical signal devices, each of said optical signal devices 

comprising : 

a) a substrate; 

b) a pair of spaced apart cladding layers comprised of materials having at least 

similar refractive index values; 

c) a core layer including a waveguide or a pair of opposed waveguides 
positioned between the pair of cladding layers having a refractive index value greater than 
the refractive index value of the cladding layers such that the difference between 
refractive index values of the core layer and cladding layers enables a multiple wavelength 
light signal to pass through the device in a single mode; 
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d) a grating forming a filter means for causing a single wavelength of light of 
said multiple wavelength light signal to be segregated therefrom; and 

e) means for varying the refractive index of at least the core layer to thereby 
control the wavelength of the light which is to be segregated from the multiple wavelength 

5 light signal. 

1 6. The optical device of claim 1 5 wherein at least the core layer is made of a 
thermosensitive material, said means for varying the refractive index of at least the core 
layer comprising a heater. 

17. The optical device of claim 15 where each of the plurality of integrated 
10 optical signal devices is in the form of a Mach-Zehnder interferometer integrated with a 

tunable grating. 

18. The optical device of claim 15 where each of the plurality of integrated 
optical signal devices is in the form of a 100% directional coupler or a 100% MMI 
(multimode interference) coupler integrated with a tunable grating. 
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19. The optical device of claim 15 where each of the plurality of integrated 
optical signal devices is in the form of a waveguide integrated with a tunable grating 
between two 3-port optical circulators or two 1x2 power splitters. 
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20. The optical device of claim 15 further comprising at least one switch for 
receiving at least one selected wavelength of light from the optical signal devices and for 
selectively employing one of said received wavelengths of light. 

21 . The optical device of claim 1 5 further comprising at least one combiner for 
receiving at least one selected wavelength of light from the optical signal devices. 

22. The optical device of claim 1 5 further comprising out-tuning means for out- 
tuning a wavelength of light from at least one of said optical signal devices. 

23. The optical device of claim 22 wherein the out-tuning means comprises 
gratings for different optical signal devices filtering different ranges of wavelength; at least 
one of said gratings reflecting an out-tuned wavelength falling outside the range of usable 
wavelengths. 

24. The optical device of claim 1 5 further comprising means for returning at least 
one unused wavelength generated within the range of usable wavelengths to the non- 
segregated wavelength signal passing through the optical device. 

25. The optical device of claim 24 further comprising add filters for returning 
unused wavelengths generated within the range of usable wavelengths to the non- 
segregated wavelength signal passing through the optical device. 
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26. A method of dropping/adding a preselected wavelength of light from/to an 
optical signal comprising passing said optical signal through an optical signal device 

comprising: 

a) a substrate, 

b) a pair of first and second spaced apart cladding layers comprised of 
materials having at least similar refractive index values, 

c) a core layer including a waveguide or a pair of opposed waveguides 
positioned between the pair of cladding layers having a refractive index value greater than 
the refractive index value of the first and second cladding layers, 

d) a grating forming a filter means, 

e) means for varying the refractive index of at least the core layer; and varying 
the refractive index to thereby reflect said preselected wavelength of light. 

27. The method of claim 26 where at least the core layer is made of a 
thermosensitive material, and said optical signal device comprising a heater, said method 
comprising varying the temperature of the heater so that the thermosensitive material 
reflects a preselected wavelength of light. 



WO 99/42893 



PCT/US99/03854 



2 




FIG.2 



SUBSTITUTE SHEET (RULE 26) 



WO 99/42893 PCI7US99/03854 

2/11 



O 

t i i i i i i i i i i i i i i i i i t i [ 1 1 1 I ;z 




SUBSTITUTE SHEET (RULE 26) 



WO 99/42893 



PCTAJS99/03854 




SUBSTITUTE SHEET (RULE 26) 



WO 99/42893 



PCT/US99/03854 




SUBSTITUTE SHEET (RULE 26) 



WO 99/42893 



PCT/US99/03854 



5/11 




SUBSTITUTE SHEET (RULE 26) 



WO 99/42893 



PCTAJS99/03854 




PCT/US99/03854 



7/11 
PASS 




.HEATER 




FIG. 8 



I DROP 



SUBSTITUTE SHEET (RULE 26) 



PCT/US99/03854 




n 




1x4 SWITCH 


1 


Jdrop 



FIG. 9 



SUBSTITUTE SHEET (RULE 26) 



PCTAJS99/03854 




FIG. 10 



| DROP 



SUBSTITUTE SHEET (RULE 26) 



WO 99/42893 



PCT/US99/03854 




WO 99/42893 PCT/US99/03854 



11/11 

PASS 




(drop FIG. 12 

SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Itf >nai Application No 

PCT/US 99/03854 



A. CLASSIFICATION OF SUBJECT WAITER . 

IPC 6 G02F1/01 G02B6/34 H04J14/02 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 G02F H04J G02B 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consumed during the international search (name of data base and. where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to daim No. 



6B 2 269 679 A (ERICSSON TELEFON AB L M) 
16 February 1994 

see page 8, line 16 - page 9, line 31; 
figures 6,7 

PATENT ABSTRACTS OF OAPAN 

vol. 095, no. 006, 31 July 1995 

-& JP 07 084225 A (NIPPON TELEGR & TELEPH 

CORP), 31 March 1995 

see abstract 

EP 0 778 479 A (K0KUSAI 0ENSHIN DENWA CO 
LTD) 11 June 1997 

see column 17, line 36 - line 48 

see column 6, line 46 - column 7, line 43; 

figure 6 

-/-- 



1,2,9, 
15,16 
4,5,15, 
18,19,21 

1,2,9, 
15,16 



1,2,4, 
15,16, 
18,26,27 



1(3 



Further documents are listed in the- continuation of box C. 



Patent family members are listed in annex. 



• Special categories of cited documents : 

■A* document defining the general state of the art which is not 

considered to be of particular relevance 
•E" earlier document but published on or after the international 
filing date 

V document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

*0" document referring to an oral disclosure, use, exhibition or 
other means 

■P" document published prior to the international filing date but 
later than the priority date claimed 



T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the international search 

15 June 1999 



Date of mailing of the international search report 

28/06/1999 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Stang, I 



Form PCT/ISA/210 (sooond shaet) (July 1992) 



page 1 of 2 



2 



TNTTTP NATIONAL SEARCH REPORT 


In* mal AppllcatJon No 

PCT/US 99/03854 


C.(ContlnuaUon) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category • 


Citation of document, with indicetion.where appropriate, of the relevant passages 1 


Relevant to claim No. 


P,X 


EP 0 854 378 A (NIPPON TELEGRAPH & 
TELEPHONE) 22 Julv 1998 

* Embodiment 1 * 

see page 11, line 35 - page 12, line 26 




1-3,6,7, 
9,15-17, 
26,27 


Y 


WO 97 15851 A (ARROYO OPTICS INC) 
1 May 1997 

see page 7, line 27 - page 9, line 12; 
figures 3,4 




4,5,15, 
18,19,21 


A 


US 5 574 807 A (SNITZER ELIAS) 
12 November 1996 

see column 8, line 45 - column 9, line 11 

r r\£\ rnl limn 7 1 i rifl Aft poll i mn ft lino 00 

see co i uinn / , i hic ov cuiuihn o, i inc cl 
see column 13, line 18 - column 14, line 
5; figures 4,6,15,16 




1,2,4, 

18,19, 
26,27 


A 


patcmt An^TpArTc nr .iapaw 

rAltlMl HDolKHLlo Ur UHrHN 

vol. 095, no. 007, 31 August 1995 
-4 JP 07 092313 A (TOSHIBA CORP), 
7 April 1995 
see abstract 




1,7,8 


A 


EP 0 642 052 A (AKZO NOBEL NV) 

8 March 1995 

see the whole document 




1,2,6-9 


T 


L.ELDADA ET At.: "Thermooptic planar 
polymer Bragg grating OADM's with broad 
tuning range" 

IEEE PHOTONICS TECHNOLOGY LETTERS , 
vol. 11, no. 4, 4 April 1999, pages 
448-450, XP002105942 
see the whole document 




1,2,5-9, 

12-16, 

19,26,27 



Foim PCT/1SAS10 (continuation of second shoal) (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



formation on patent family member* 



Irf >nal Application No 

PCT/US 99/03854 



Patent document 
cited in search report 



Publication 
date 



Patent family 
members) 



Publication 
date 



GB 2269679 


A 


16-02-1994 


US 


5341443 A 


23-08-1994 








CA 


2101411 A 

Liv n x x n 


15-02-1994 








DE 


4327102 A 


17-02-1994 








FR 


2694816 A 


18-02-1994 








JP 

ur 


6160655 A 


07-06-1994 








SE 


510040 C 


12-04-1999 








SE 


9302543 A 


15-02-1994 










5459799 A 


17-10-1995 

X / X v 


EP 0778479 


A 


11-06-1997 


JP 


9218316 A 


19-08-1997 








US 


5859941 A 


12-01-1999 


rn noc Alio 

EP 0oo43/o 


A 

A 


99— H7-1 QQQ 
££-U/-x770 


.IP 
or 




9-1 QQQ 






.IP 
or 


xUOx7H*ra n 




WO 9715851 


A 


01-05-1997 


AU 


7664596 A 


15-05-1997 








PA 


?999Q?7 » 


Ux uj 177/ 








CP 

tr 


nQK711A A 
UOD/Ol't M 




US 5o74o0/ 


A 

A 


1 9—1 1—1 QQfi 


Uj 




1/ 1U 1773 






us 


5457758 A 


10-10-1995 








AU 


1253795 A 


22-05-1995 








WO 


9512136 A 


04-05-1995 


EP 0642052 


A 


08-03-1995 


AU 


7141794 A 


30-03-1995 






CA 


2130605 A 


25-02-1995 








CN 


1115865 A' 


31-01-1996 








JP 


7084226 A 


31-03-1995 



Form PCT/lSA/210 (patent tamiy annex) (Jury 1982) 



